Preparation Conditions
The Pt(111) single crystal is cleaned by several cycles of UHV annealing at 1350 K and bombardment of Ar + . In order to grow the films, Ge is evaporated by physical vapor deposition (PVD) from a Ge powder inserted in a graphite crucible. The evaporation time of Ge determines the coverage, when the flux is kept constant. The evaporation process is carried out in 2×10 -6 mbar O 2 . Subsequently, the film is annealed for 10 minutes in the same oxygen pressure by electron bombardment from the back of the crystal. Oxidation temperatures around 800 K forms amorphous films. By annealing at higher temperatures, the crystallinity of the film increases. At 900 K, the purely crystalline film is obtained. Finally, the filament is turned off and the system is cooled down in 2×10 -6 mbar O 2 for 10 more minutes.
GeO 2 Monolayer Phase
At low coverages a crystalline phase is observed. The film is prepared using the same preparation conditions described in the Experimental Section, but evaporating less Ge than necessary to grow bilayer films. We note that the coverage of the films increases linearly with the amount of deposited Ge. A STM image of the germania monolayer phase supported on Pt(111) is depicted in Fig. S1 . The unit cell is marked with a black rectangle of dimensions 8.3 × 9.6 Å 
GeO 2 Bilayer Crystalline Phase
Germania bilayer films on a Pt(111) single-crystal can wet completely the metal substrate by evaporating the correct amount of Ge. A STM image of a fully-covered crystalline germania bilayer film (corresponding to the phase presented in Fig. 2 (a) ) is illustrated in Fig. S2 . The large-scale image allows us to visualize the aligned chains of 8-membered rings. The 558 ring-combination forms three domains rotated 120° with respect to each other. The black lines of Fig. S2 emphasize the three directions that the domains follow. 
DFT Calculations
Core electrons were treated with the PAW pseudopotentials, while O (2s, 2p), Ge (4s, 4p) and Pt (5d, 6s) states were treated explicitly. The long-range dispersion forces were treated with the DFT+D2' approach, which modifies the atomic C6 coefficients of positively charged species (in the present case: Ge) to account for the partially ionic nature of the oxide. Electronic and ionic loops were converged within a threshold of 10 -5 eV and 10 -2 eV/Å, respectively. A kinetic cutoff of 600 eV was adopted for lattice relaxations, and 400 eV in other cases. The reciprocal space was sampled with a 5x5x1 grid of Kpoints [1] in the case of the hexagonal structure, while the sampling was limited to the Γ point for the 558 structure, given the very large size of the supercell. A dipole and quadrupole correction to the total energy was applied along the non-periodic Z direction. [2] The metal/film charge transfer was evaluated recurring to the decomposition scheme suggested by Bader. [3] The Pt(111) surface is simulated with a 5-layers slab, where the two bottom layers are kept fixed to their bulk geometry, while the three upper layers are free to relax.
Hexagonal and 558 phases of GeO 2 and SiO 2 BL were simulated in contact to Pt(111) and Ru (0001) substrates. The adopted supercells, the relative % strain released on the film, the adhesion energy and charge transfer normalized per surface area, as well as the change in the work function with respect to the bare metal surface are reported in Table S1 .
The adhesion energy, E ad , is defined as:
Where the quantity E is the total electronic energy (including the contribution from the long-range dispersion) of the GeO 2 /Pt supported film, the Pt support and the free-standing film, respectively. S is the supercell area. Negative values of E ad indicates that the supported film is thermodynamically stable with respect to its separated components.
The thermodynamic stability of the free-standing and Pt-supported 558 and hexagonal GeO 2 films has been calculated with respect to an external chemical reference, i.e. the gas-phase O 2 molecules (in its ground-state triplet state) for oxygen and the chemical potential of Ge bulk (µ Ge ) for germanium. For the free-standing film, the formation energy is defined as:
And in the case of Pt-supported films:
The formation energy is normalized per stoichiometric GeO 2 formula unit. To a more negative formation energy corresponds a more stable structure with respect to the bare Pt surface and the germania chemical components, i.e. bulk germanium and gas-phase oxygen. ), and work function change with respect to the bare metal surface (∆φ, eV) for 558 and hexagonal phases of GeO 2 and SiO 2 BL supported on Pt(111) and Ru(0001). 
MetalSubstrate
Phase Supercell Strain (%) R (Å) Ead (eV/nm 2 ) Q (|e|/nm 2 ) Δ ϕ (eV)
Computational Analysis -Triplets
We build a mathematical graph where the ring center positions represent the nodes. Two nodes are adjacent if and only if the corresponding rings are neighboring. We perform three steps to get the distribution of the ring triplet combinations:
1. Find all face cycles of length three 2. Map each face cycle to a triplet of degrees 3. Count the degree-triplets 1. The faces of a plane graph G are the regions of ℝ 2 ⊂ G. Each face is bounded by a cycle of edges. These cycles are called face cycles. To find the face cycles, we consider the graph as a symmetric directed graph. We walk through the graph and visit every edge exactly once. We start with an arbitrary edge. First we mark the edge as seen. Then, from the endpoint of the edge we visit all neighboring nodes in clockwise order. As long as the new edge is not the starting edge of the current path, we append the new edge to the path. Once we come back to the starting edge of the path, a new face cycle is found. The face cycle is added to the list of all face cycles. The list is filtered to get all face cycles of length three.
2. From step 1 we have a list of face cycles of length three. We map each face cycle to a sorted triple of integers. These integers are the degrees of the nodes in the face cycle.
3. We count the frequencies of the sorted integer triplets.
We used the Python package NetworkX [4] to deal with mathematical graphs, and the Counter class from the Python collections package to count the frequencies.
Triplet-Combinations
The next table illustrates all the triplet-combinations that are quantified in the three phases presented in Fig. 2 
Triplet-Combination
Crystalline Intermediate Amorphous (4, 5, 7) 2 (4, 5, 8) 1 (4, 6, 6) 2 1 (4, 6, 7) 2 1 (4, 6, 8) 7 2 5 (4, 6, 9) 2 (4, 6, 10) 1 (4, 7, 7) 3 (4,
